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Discrete convolution in 1D:

gl = > fln—n'n[n]
Discrete convolution in 2D:

gln,m] = Z Z flm—m!,n—n'Ih[m’, n']

m/=—oon'=—oco

Forward DFT (analysis):

o = [ S alnle 2N 0 < k<N -1,
0 otherwise

Inverse DFT (synthesis):

g = § ¥ S5 Gl e PN, 0 <n < N1,
0 otherwise

Fourier transform: (analysis)

Fw)= /Z flx)e 7“%dx

Inverse Fourier transform: (synthesis)

f(z) = %/_OO F(w)e?“"dw

comb(z/X,y/Y) = i i O0(x — kX, y—1Y)

k=—o0 l=—o0
sinc(z) £ sin(n)
T

ot [ ) = 1, |z| < X/2
X/ 10, |z>X/2
oy z Y
rect<y, ?> rect<y)rect<?>

et [ 1 1, |r|<R
R 0, |r|>R

[I>

(1>

FT properties



Duality:

9@) = fw)
f@) = 2mg(—w)

Zém—kX Z&w—kQW/X)

k=—o0 k=—o0

Z 5z —kX)f(x)

k=—o00

Fs(w):%” > S(w—k2m/X)x Flw)

k=—o0

Forward transform: (analysis)
o0 o0
F(wy, ws) :/ / Flay, mg) e IWimtwse2) 4o g,
— 00 — 00
Inverse transform: (synthesis)

f(irl,l'z / F wl WQ) J(wl"’?ﬁ‘””z)dwldwg

Forward transform: (analysis)

Inverse transform: (synthesis)

fx)=02n)™" /n F(w)e’“*dw

Spectrum |F(u,v)| = /R(u,v)? + I(u,v)?
(magnitude) R(u,v): real part of F'(u,v)
I(u,v): imaginary part of F(u,v)
— (u,v)
Phase o(u,v) = arctan (R( v)>

Conjugate symmetry F(u,v) = F*(—u, —v)
|[F(u,v)| = [F(=u, —v)|

Duality If g(x,y) = f(u,v)
then f(z,y) = g(—u, —v)
Translation flx+z0,y £ y0) = F(u,v)e F2m(uzotvyo)
flx,y)e Fo2m(uwoztvoy) — F(y + ug, v + vg)
Rotation f(r,0+6) = F(p, ¢+ 6p)
Convolution flz,y) x h(z,y) = F(u,v)H (u,v)



Space domain

Frequency domain

d(z,y)
§(z — 20,y — Yo)
rect(%, %)

rect(r/R), r = /22 + y?
comb(z/X,y/Y)

cos(2m (uox + voy))
sin(2m (uox + voy))

e —m(@?+y?)

sin(a) cos(5)

sin(a) sin(Q)
cos(a) cos(f)

1

e ijZ‘n’woue +927yov

AB sinc(Au, Bv) = AB 751117523{4) L:SEB)
R jinc(Rp), p = Vu? +v?

XY comb(uX, vY)

2(6(u + g, v+ vo) + 8(u — ug, v — vg))
73 (8(u+ ug,v +vo) — 6(u — up, v — vg))
e —m(u?+v?)

[sin(a — ) +sin(a+ B)}

[cos(oz — B3) — cos(a + B)}
[cos(a — ) + cos(a + 5)}

NN~ N

e 1% = cos(h) + 7sin(h)

o0 o0

Flk, 0] = Fo(u,v) x > Y 8(u—kug/N,v - lv,/M)

k=—o00 l=—00

o0 o0

fo(z,y) = fs(x,y) * Z Z 6(z —nN/us,y — mM/vs)

m=—0o0 N=—00

o0 oo

fs(x,y)zf(x,y)x Z Z 5(m—k/us,y—l/vs)

Fy(u,v) = F(u,v

h(xvy) =

k=—oc0l=—0c0

) * Z Z 0(u — kus, y — lvs)

k=—o0 l=—00
1 o (2 +y?) /o>
2mo?

0.s = (FI'F)"'Fly

0. = F+y

F=USsVv7T

N
F = E anunvg
n=1

I=Ige  Junbdu

[=Ige™ XZi=irnls

—lnI—O
p=mT



lI>

p

p(6.5) = / () du

(0, 5) = Rf(x) :/ foo = [ 050 s) dx

x-0=s

p(6.5) = Rf(z.y)= / f(e,y) de dy

(7)o

/jo /:’0 flz,y) 5(3: cos(f) + y sin(6) — S)d:c dy

Property Distribution Radon transform R f
Linearity fx) =22 filx) Rf(x) =2 Rfi(x)
Limited support f(x)=0, |z;| >D/2 Rf(x)=0, |s| >DVN/2
Symmetry f(x) Rf(x) =p(6,5) = p(—0,—s)
f(z,y) p(0, s) = po(s) = potnr(—5)
Periodicity f(I, y) Do (S) = Po+2kn (S), keZ
Translation f(x—x%9) p(0,s —%x0-0)
flx — w0,y — o) (0,5 — m cos(0) — yosin(0))
Rotation f(r,To) p(TO,s), T: rotation matrix
f(rv ¢ + 90) Po+6, (S)
Scaling f(ax) \qup(a’ as)
Mass conservation M = [ny f(x)dx M= [%_p(6,s)ds

Wf(ac,y)d:cdyz/s/o f(r,0) |J|d7‘d0=/s/0 f(r,0)rdrdd

F)= | flx)e #™¢dx = / / fla,y)e et dy dy = F(u,v)
R2 —o0 J —o0
Py(w) = / p(6,5)e 2™ ds

far(x) = BP{p(8,5)} £ / " p(6.5)d6




1 _ 12
€) = e 2%
Tele) = o

P(€1 <FE<L 62) = /62 fE(w)dw

P(ANB) = P(A) x P(B)

1 — 1Tt
N
fe(€) )25} ¢
1 1 T —1
A) = —MM— —5(P=A)" X7 (p—A)
f’P\A(p7 ) (27T)IJ/2|2|% e 2
friu(p, 1) 1 ~3(p-Fuw) =" (p-Fp)

(2m)17/2|5|3

2

1 1
G| 2R e R TR e
m

1J/2|2|§
1 L -
Hyrs = (FTE 1F) F's 1p

P(AT; > s+ t|AT; > s) = P(AT; > t)

~
=
S
b
I

=202 i) + iy n(A (1) — In(pi;)

i=1 j=1

2nD

N,
~d

2X =5 Y+ +v+Q

2X =5 Y+ 68T +v+Q



§X+e_ _)é—l Y+V—|—Q

dm
dtp =7ymp X Bo

wo = —7Bo

O‘:'YO/ Hy(t)dt
0

M, M,
a T
aMm, M,
d T

() = M(0)e "
= AMy(O)eit/T2

My (t) = Mpe —t/T

1 1

Pl ADBy/2
T2* T2+7 0/
I=hy/I(T+1)

E= _’}/ﬁm[BO

1 1
AE:EQ_EI:_771{—5—5}30:’)%30
hUJo:’yBOﬁ

s(t) = S cos(wot + @) e —t/T3
MZ(TR) = MO(l — e_TR/Tl))

M.(nTR) = My(1 — e T/T) pe Zn>0



S o Mo(1 — e ~Tr/Th) (e =Te/T2)

w(z) = y(Bo + 2Gy)

dM,, 1
it (WO T —MBg(r)>Mwy

By(r) = (ve;+ye,+ze.)- [Gu(t)e, +Gy(t) e, + G.(t)e.]
r- G(t).

My (r,t) = My p(r) e —yr-[E G(r) dr

5(0)= My [ ptr) eI SO

S(t) = My // p(x,y)e*J’Y(weeryey)-fJ [Gw(‘r) ex+Gy (1) Ey]de;v dy.
S(ta:,Ty) = My //p(m’y)eiﬂ(metﬁyGyTy)da:dy

= Mo //p(z,y)e*”(m”y”)dxdy

+2 fov cos 6
c

Af=f—fo=



